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Spontaneous BOLD* signals measured by fMRI are 
organized into dynamic functional neural networks

*Blood Oxygen Level Dependent

Fox et al., 2005

Allen et al., 2014



Fluctuating correlations of fMRI signals may be 
explained by variations in ongoing cognition 

Gonzalez-Castillo et al., 2019

Developing fMRI-based biomarkers of neurological and 
psychiatric diseases

Abi-Dargham & Horga., 2016



Characterizing what drives the underlying neural 
phenomena that induce the dynamics of 
functional connectivity as observed in fMRI data 

Can spontaneous changes in neuronal patterns of FC be explained by behavioral or 
physiological variables in the awake, behaving mouse?



Locomotion OnsetLocomotion Locomotion Offset Initial Rest Sustained Rest

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

H
bT

jR
G
EC
O

Behavior driven brain states

Correlation coefficient
Correlation coefficient

Locomotion Locomotion Offset Initial Rest Sustained Rest Locomotion Onset

10 (s)



Reconstruction every FC map using non-
negative least squares

Relative residual: 
𝜖! "
𝑑! "

, 𝜖! " = (𝑑 − 𝑐𝑥)! "

One example of recording sessions



Spontaneous fluctuating correlations are 
linked to behavior

Running 
start

Running
end

n = 61 n = 58
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Spontaneous changes in resting-state FC can 
be explained by arousal level
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Summary

- Captured neural activity, exhibiting time-resolved correlation patterns
- Identified ‘brain states’ representing not only changes in physical 

activity but also switches between the resting states
o These switches corresponded to pupil size, suggesting the resting states track 

changes in arousal

- These effects were detected in hemodynamic responses
- Our study provides evidence supporting that fMRI resting state 

dynamic functional connectivity can capture neural state transitions, 
tracking changes in arousal and behavior
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